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Abstract: To process aggregate queries in massive database application efficiently, semantic cache technology is
extended in this paper, which is mostly used in small scale database applications at present. Firstly, a formal
semantic cache model for aggregate queries is proposed. Based on this model, a semantic cache system called
StarCache is built. The key technologies of StarCache about aggregate query processing, cache replacement and
consistency maintenance etc. are also discussed in this paper. StarCache has been integrated in StarTP, which is a
parallel database middieware developed by ateam of the National University of Defense Technology, and has been
applied to alarge national project.
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, [1-3] DB2,0Oracle  SQL Server
, ;OLAP
4 , 3
[5-7] ,
. , / , “ -
- (select-project-join, SPJ)" &1 Web
P2P. [8,9] SPJ Web . Web XML
, XML . ACE-XQ™:  [11-14] :
) SPJ ; [15,16]
(peer) P2P : P2P
, SPJ ,
: StarCache.
insert ,
update  delete p .StarCache
StarTP ,
1
. SQL select from where
group by . :select A F,select A
group by ;from T;where P;
C. , A F
, # b
(1) P X op ¢, X ope{<,>,<,>,_} c
2 P X=Y,X Y
(©)] 3 .
( ). D={Ry,Ry,...,Rn} ,Rn , S (AF,T,P,C),
‘T={RRkeD,1<k<n};A={ala, R« JReD};F={f(b)lb R ,RseT,feAg} , Ag={ MAX,MIN,SUM,
COUNT}; P=piApoA...AR;LP; ;C=7mpr(op(Ri1xRi2x...xRin)),RineT. C
: , T ; , P ; , A ,
F Ag AVG AVG SUM  COUNT ,
AVG
1
1 D:Product(Pid,Pname,Class)  Log(Sh,Pid,Rank,Price). S

Select Pname,Rank,Count(Pname) From Product,Log Where Rank<3 and Product.Pid=Log.Pid Group by
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Pname,Rank;
S (AF,T,P,C),A={ Pname,Rank} ,F={ Count(Pname)} , T={ Product,Log} ,P=(Rank<3)A
(Product.Pid=Log.Pid),C .
1 , , Q (Aq,Fa,Tq,Pq,Cols
1 . Q S .Ca , C
1 )
SPJ
2 ) S=(AF,T,P,C), Q=(Aq,Fq: Tq,Pa,Co-
fl(a) S FQ , fg(b) eF, 4 , Q fl(a) S F A ’

fi(a)=h(F.A).

(1) fy=f,,a=b,f=COUNT;

(2) f,=f»f;=COUNT:;

(3) f,=SUM,f,=COUNT,acA;
(4) f,=MAX|MIN,acA.

fi(@)eFq, fi(@)=h(F,A), Q Fq S F A ,  Fo«D(F.A)
fi(@eFq, fi(@)=h(F,A), Q Fq S F A ,  Fo=D(F.A) . Fo«D(F,A),
fi(@)eFq, fi(@)=h(F,A), Q Fo S F A . Fo=D(F.,A)
3( (disoint match) (containing match)). S=(A,
F,T,P,C), Q=(Aq,F0,Ta,Pa,Co),Pa Po (1) T=Tq,AqcA Fo«—D(F,A),PacA, PAPq
, S Q , S Q (2 T=Tq,Aq cAFo=D(F,A),PAcAP=P, Q S ,
4( (overlapping match)). S=(AF,T,P,C), Q=(Aq,Fa,To,
Pa.Cq).Pa Pq 3 T=Tq,AqcA,PacA, 3 , Q S
(1) Fo=D(F,A),Po=P ,PAPq ;(2) Fo=D(F,A),Po=P;(3) Fo=D(F,A),Po=P ,PAPq
T D~ Ng (3
2: 1 S , 5

Qq:Select Pname,Rank,Count(Pname) From Product,Log Where Rank<2 and Product.Pid=Log.Pid Group by
Pname,Rank;

Q,:Select Pname,Rank,Count(Pname) From Product,Log Where Rank<4 and Product.Pid=Log.Pid Group by
Pname,Rank;

Qz:Select Pname,Rank,Count(Pname), Sum(Price) From Product,Log Where Rank<3 and Product.Pid= Log.Pid
Group by Pname,Rank;

Q4:Select Pname,Rank,Count(Pname), Sum(Price) From Product,Log Where Rank<4 and Product.Pid= Log.Pid
Group by Pname,Rank;
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Qs:Select Pname,Rank,Count(Pname) From Product,Log Where Rank>3 and Product.Pid=Log.Pid Group by
Pname, Rank.

Q1 SQ2Q: S ,
;Qs S
2 StarCache
21
(probe query), (remainder query)™®.
, Q . g
. Q S , Q Qp=(Aq,F',.C,PAPo,C),F"  Fq
S . 2 JF' f(x) f(x) o fi(@)eFq, fo(b)eF, fy(b)
f, b.
D fi=f>,a=b,f;#COUNT, x=f, b,f(x)=f;(f,_b);
2 fi=f,,fi=COUNT, x=f,_b,f(x)=SUM(f,_b);
(©)] fi=SUM,f,=COUNT,acA, x=f, b,f(x)=axSUM(f,_b);
4 fi=MAX|MIN,acA, x=af(x)=f1(a).
, 1 , ;2
4 Q S 3
) Q :
D : Qp=(Aq,F’,C,PAPq,Cp) Qr=(Aq,Fq, To,~PAPq,CR).
2 : Qp=(Aq,F",C,PAP,,Cp) Qr=(Aq,FrTo,Pa.Cr).
3 : Qp=(Aq,F',C,PAPq,Cp) Qr1=(Aq,Fr To,Po:Cr1),.Qro=(Ax:Fo. To,
~PAPq,Cry).
F FrF FreFo—{fu(a)lf1(a) eFo.fi(a)=h(F.A)},
Fa F A :
2 ©) Q . Q
; Q
Q, s.s,....S'(n ). 3
4, AQP(aggregate query processing)
1. AQP
L1 m type=0; // m_type

L2 for (i=1;i<=n;i++) {

L3 if (S.T=Tg and AqcS.A) then {

L4 if (Pg=S.P) then {

L5  If (Fo=D(S.F,S.A)) then {m type=4; Sm=S; break} //

L6  Else{if (m_type=0 and Fo=D(S.F,S.A)) then m_type=1;} //
L7 } Elseif (S.PAPq ) then {
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L8  If (m type=0and Fo~D(S.F,S.A)) then m_type=2; //
L9  elseif (m type<3 and Fo=D(S.F,S.A)) then {m type=3;Sm=S;}}} //
L10 Sm ;
L 11 switch(m_type) {
L12 CaseO: i 3.2
L13 Casel,Case2: Q ;break;
L14 Case3: Qr  Qr;
L15 Sm Qe, Qr
L16 ;break;
L17 Case4: Q Qp, Sn Qp;
L18}
L2~L10 Q n , 3 .L11~L16
, :L14~L16 ,
; . LAQP
Q , n, O(n).

’ )

LRU(least recently used) LFU(least frequently used) .LRU
LFU (1, , LFURC(least frequently used in
recent cycle) , . 3
) > ,LFURC
0, 0.5,

Tr m o, i A, S Ve=>" 4.

i=1" 1

i , [St] , Nt; Sv ) |Sv| )
NV, Q. LFURC
2. LFURC
L1 m type=0
L2 for (i=1;i<=|Sv];i++) {
L3 Q S
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L4 if (Q S/') then {m_type=1;

L5 S/ :

L6  S/"=S/;

L7 break;

L8 }

L9 if(Q S ) then Y, :
L10 }

L11 if (m_type=0) //Q,
L12  then { if |Sv|<Nvthen Sv.add(Qy); /I & Sv

L13  else{
L14 Y Ve
L15 S VR sk

L16  Svremove(SK); /I SF v
L17  Svadd@Q); / Q

L18 1}
L19 ese{ //

L20 if ||<Nt then {S.add(S/™);Sv.remove(SV™);}  // , SV i
L21 else{

L22 S Vg

L23 s Ve S

L24 if (X.Ve<S/™VR) thenf
L25 Sremove(d); // & &

L26 Svadd&) # & S
L27 Svremove(SY™); [/ ™  Sv
L28 Sadd(SV™) /1 S S
L29}}}
:L1~L18 ;L19~L.28
1 , O(lSvh); ,
Oo(|Sv|+|g)). ,LFURC ’
, LFURC
2.3
insert , update delete ,
, . ) PIM
(periodical incremental maintenance). s<,...8n ), PIM
3.PIM
L1 for (i=1;i<=n;i++) {
L2 to:
L3 t=t—S.t, /
L4 if (t>=S.T)then{ /I S ST,
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L5 S (S tmS tm+S.T] Qm;
L6 , Qm , L7~LY;
L7 Qm
L8 Onm S;
L9 St,=St,+S.T; /I s
L10}}
L2~L5 , ;L6~L9
PIM insert ,
) n )
, o(n).
, , PIM ,
3
31
StarTP StarCache. StarTP
CORBA (common object request broker architecture)!® , .
StarTP 1 , (1) (syntax parser):
SQL , :(2) (data dictionary): HE))
(data partition): (4) (table loader):
:(5) (paralel query): , (6)
StarCache: (7) (query object): :
Client application
(CORBA)
P
StarTP

/

o~

[

Parallel query ’ﬂ Syntax parser -
StarCache | Data partition
iI Datadictionary

Query object

Table loader ﬁ

StarCache 2

Fig.1 Architecture of StarTP
1 StarTP

1) (query interface, Ql):
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2 (query evaluator, QE):
3 (query matching, QM): .
4 (metadata table, MT): ,
5) (cache store, CS): , .StarCache
(6) (cache replacement, CR):
) LRU,LFU LFURC ,
@) (consistency manager, CM): \
, .StarCache .StarCache
, .StarCache

[ Parallel query ]

!

h
[Quay parsr | I~ comsey

Query evaluator manager

. A= Metadata P ——
’ Cache replacement ‘ ’Query matching ‘\ table

[ Parallel query ]

Fig.2 Architecture of StarCache

2 StarCache
StarCache 3 . PQ QI(1),Q! QE
(2).QE QP (©F QM (4).QM MT
: ®) QE :
; , (6);
: PQ (7 :
: (6);
(MN.QE (6) () :
6 (@ QE MT (8).
. (D , :
Fig.3 Mechanism of StarCache (9).CR MT (10),
3 StarCache CS (12). QI CM, CM
(12).CM MT, (13), PQ (14),
CS(15).
3.2
5 1 5 PC . Intel Xeon
2GHz CPU,4G RAM, 70GB  SCsl . Redhat Linux7.3, Oracle8.1.7.
PC P4 1.6GHz,256 , Win2000 Professional. 100Mbps
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aggregate queries

Fig.5 Performance comparison between semantic

=
o

Oracle

N b O

Query response time ()

—— Materialized view Jf
—=— Semantic cache

N
o

40 60 80 100
Database size (GB)

cache and materialized view

4 5
3 3
Tablel Aggregate query matching cost and query response time
with different size of semantic cache
1
Number of semantic Query response Query matching Query matching cost/
cache items time (ms) cost (ms) guery response time (%)
50 187.677 0.875 86 0.467
100 188.897 1.751 0.927
150 189.235 2.631 1.389
200 190.077 3.501 1.842
250 192.453 4.368 2.269
4 4
; 6 ;
5 , LRU,LFU LFURC
7 LFURC LRU LFU
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100
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0 ! ! ! ! O 0
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Fig.6 Ratio of aggregate query matching Fig.7 Performance comparison of replace policies
6 7
4
9 ; SPJ ,
, StarCache.
) m
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